Objectives: Accumulating evidence demonstrated that the long noncoding RNA Colony formation assays, EdU assays, Ki67 assays and apoptosis assays were taken to evaluate cell proliferation. Tumour xenograft was created to explore the functions of HOTAIR and ST8SIA4 in tumorigenesis in vivo. Migration assays, invasion assays and cell adhesion assays and were also taken to analyse the carcinoma progression. 
| INTRODUC TI ON
Renal cell carcinoma (RCC) is one of the 10 most common cancers.
1,2
About 25%-30% RCC patients have distant metastases at initial diagnosis, and a third of the patients undergoing potentially curative nephrectomy will eventually develop metastases. 3, 4 Although several clinical parameters and surgical operations have been developed, they lack accuracy and foreseeability in early RCC. 5 Therefore, it is urgently needed to develop efficient and reliable molecular biomarkers to predict RCC progression. 6 Noncoding RNAs (ncRNAs) are emerging classes of regulatory RNA that play key roles in various cellular and physiological processes such as in gene regulation, cell differentiation and development. 7, 8 LncRNAs, a class of noncoding RNAs, exert critical effects on cancer progression. MicroRNAs (miRNAs) are a class of small noncoding RNA molecule and modulate gene transcription by inhibiting translation or inducing mRNA degradation. 9 Kinds of relationship among lncRNAs, miRNAs and mRNA have been studying extensively. LncRNA HNF1A-AS1 mediated repression of miR-34a/ SIRT1/p53 feedback loop promoted the metastatic progression of colon cancer by functioning as a ceRNA. 10 HOTAIR regulates cyclin J expression via inhibition of miR-205 expression in bladder cancer.
11
Accumulating evidence has shown that HOTAIR is associated with the poor prognosis of many cancers and promotes tumour cell invasion, metastasis in breast, pancreatic, hepatocellular carcinomas and renal cell carcinoma. [10] [11] [12] miR-124 inhibits bone metastasis of breast cancer by repressing Interleukin-11. 13 miR-124 inhibits aggressive behaviour of RCC. 14 However, the miR-124 sponge role of HOTAIR in RCC remains largely undefined.
Glycosylation, which can have a profound structural and functional effect on the conjugation, is the most abundant and complex protein modification. 15 Sialic acids are a family of 9-carbon containing acidic monosaccharides that are found in terminal positions of N-and O-linked glycans of glycoproteins or glycolipids. 16 Moreover, glycan sialylation is governed by sialidases and sialyltransferases (STs), which transfer sialic acids to the terminal position of glycans.
17
Increasing studies reveal that STs take part in cancer progression and perform vital role.ST3Gal I is an independent adverse prognostic factor for recurrence and survival of patients in ccRCC.
18
ST6GalNAcVI involved in the synthesis of DSGG is suppressed during the malignant transformation of the proximal tubules in the kidney. 19 Although STs have an important role in RCC progression, investigating the regulation of sialylation by HOTAIR and miR-124 remain unknown.
In the present study, we investigated HOTAIR expression and explored its biological functions in RCC cell lines. HOTAIR promoted the progression of RCC through ST8SIA4 by sponging miR-124.
Furthermore, the underlying mechanism involved in HOTAIR/miR-124/ST8SIA4 axis-regulated progression in RCC was explored.
| MATERIAL S AND ME THODS

| Cell culture
Human RCC cell lines ACHN and 786-O were purchased from KeyGEN Company (Nanjing, China). ACHN cells was maintained in Modified Eagle's medium (MEM) supplemented with 10% foetal bovine serum (Gibco, Grand Island, NY, USA) and 1% penicillinstreptomycin (HyClone, Logan, Utah, USA). 786-O cells were cultured in RPMI-1640 supplemented with 10% foetal bovine serum (FBS) and 1% penicillin-streptomycin in a humidified atmosphere of 5% CO 2 maintained at 37°C. 
| Tissue samples of patients
| RNA isolation and quantitative real-time PCR analysis
Total RNA from tissue specimen and from cell lines was iso- 
| Immunohistochemistry staining
The xenograft tumours were immediately fixed in 10% formaldehyde, dehydrated series of alcohol and then embedded in paraffin. 
| Luciferase assay
| Fluorescent in situ hybridization
The RCC and adjacent tissues were fixed in 10% formaldehyde, dehy- 
| Western blot
Whole RCC cell proteins were electrophoresed under the conditions in SDS-PAGE polyacrylamide gels. The separated proteins were transferred to apolyvinylidenedifluoride membrane. Nonspecific binding was blocked with 5% skimmed milk for 2 hours at 37°C.
The membrane was then incubated with PARP (1:1000 diluted;
ThermoFisher Scientific, MA, USA), caspase 3 (1:1000 diluted;
ThermoFisher Scientific), ST8SIA4 (1:500 diluted; ThermoFisher Scientific), at 4°C overnight. A GAPDH antibody (1:2500 diluted;
Bioworld, Minneapolis, MN, USA) was used as a control. Next, the membrane was incubated with peroxidase-conjugated anti-rabbit IgG (1:5000 diluted; Thermo, Boston, MA, USA). Images were obtained from multifunctional gel imaging system (ImageQuant LAS 500, General Electric, Fairfield, CT, USA).
| Transwell assays
The invasion assays were performed using 24-well transwell chambers 
| Xenografted tumour model
Four-week-old nude mice were purchased from the Model Animal
Research Institute of Nanjing University. About 5.0 × 10 6 cells were inoculated into the right flank of every nude mouse by subcutaneous injection. When bearing palpable tumours, mice were randomly divided into six groups, each group containing six mice. Subsequently, the nude mice were injected intratumorally with HOTAIR, shHO-TAIR, ST8SIA4, shST8SIA4 and their negative controls thrice a week for five weeks. The size of tumour was determined every 7 days.
The nude mice were sacrificed, and tumours were isolated and weighed. Tumour volume was calculated as the following formula:
(length × width 2 )/2.
| Cell viability
The cell viability was performed by using the Cell Counting Kit-8 
| 5-Ethynyl-2′-deoxyuridine (EdU) assay
| Colony formation assays
786-O and ACHN transfected cells were seeded into six-well plates at a density of 1000 cells/well and cultured in RPMI-1640 medium containing 10% FBS for 10 days. Cell colonies were fixed with 10% formaldehyde for 40 minutes, stained with 0.1% crystal violet at room temperature for 20 minutes, and then photographed.
Experiments were repeated three times. 
| Wound healing assay
| Apoptosis analysis
Apoptosis was assayed through dual staining with AnnexinV-FITC/ propidium iodide (PI; KeyGen BioTECH, Nanjing, China). Annexin V-FITC and PI were added to the cellular suspension according to the manufacturer's instructions. Measurements were repeated independently three times.
| Statistical analysis
Each experiment was performed at least in triplicate. Data are displayed as mean standard deviation (SD) and analysed by using spss 17.0 (SPSS Inc., Chicago, IL, USA). The significance of differences in multiple comparisons was determined using Student's t test.
*P < 0.05 was considered to be statistically significant.
| RE SULTS
| HOTAIR level was upregulated in RCC tissues and RCC cell lines
To evaluate correlation between HOTAIR expression and clinical characteristics, the HOTAIR expression was examined in 30 pairs of RCC tissues and their corresponding normal renal tissues by using qRT-PCR. We found that the expression of HOTAIR was significantly higher in RCC tissues than that in normal renal tissues ( Figure 1A ,C).
HOTAIR expression was also higher in 786-O and ACHN cells compared within normal kidney cell HK-2 cells ( Figure 1B) . In addition, upregulated HOTAIR was correlated with distant metastasis ( Figure 1D ). The survival data based on the expression of HOTAIR in the Cancer Genome Atlas (TCGA) showed that HOTAIR expression level affected the patient survival (FigureS1A,B) . These results indicated that HOTAIR was associated with RCC progression and overexpression of HOTAIR might be useful for diagnosis and estimate of RCC.
| HOTAIR mediated cell proliferation, apoptosis, migration and invasion in RCC cell lines
To study the effect of HOTAIR on the proliferation and invasion of RCC mice. As shown in Figure 3C ,E, the tumour growth in HOTAIR group was faster than that in vector group. Furthermore, the tumour growth of group transfected with shHOTAIR was slower than that in the shSCR group. The expression of Ki67 in tumour tissues was consistent with the results in vitro ( Figure 3D,F) . These data indicated that overexpression of HOTAIR promoted RCC cell growth and metastasis.
| miR-124 directly bound to HOTAIR and negatively modulated the expression of ST8SIA4 in RCC cells
A bioinformation analysis was performed using miRcode algorithm (http://www.mircode.org/) and the result showed that miR-124 contained a binding site for HOTAIR ( Figure 4A ). To investigate the molecular mechanism, we first determined the subcellular location of HOTAIR and miR-124 through FISH in RCC tissues and adjacent tissues ( Figure   S1C ). The luciferase activity was decreased when miR-124 and wild-type 3′-UTR HOTAIR cotransfected into 293T cells ( Figure 4B ). The luciferase activity was unchangeable in mutation-type group. To determine whether HOTAIR and miR-124 were in the same RNA-induced silencing 
| ST8SIA4 promoted the RCC cell proliferation and metastasis
The level of ST8SIA4 mRNA was upregulated in RCC tissues and RCC cell lines than those in adjacent kidney tissues and kidney normal cell ( Figure 5A ). To research the function of ST8SIA4 in RCC cell lines, the colony formation, EdU assay, wound healing and invasion assay were performed. As shown in Figure 5B , the higher level ST8SIA4 was ob- 
| HOTAIR and miR-124 mediated RCC progression through regulating ST8SIA4 expression
The 
| D ISCUSS I ON
LncRNAs, which are more than 200 nucleotides in length with limited protein coding potential, are special expressed in differentiated tissues or specific cancer. [20] [21] [22] Recent reports revealed that HOTAIR was regarded as an oncogene in renal cell carcinoma. 23 It has been reported that high HOTAIR expression indicated a poorer prognosis in RCC; HOTAIR modulated cells proliferation and migration in vitro.
24,25
Hiromichi Katayama et al also verified that HOTAIR enhanced the metastasis of RCC cells in vivo. 26 In this study, we verified that the level of HOTAIR was markedly increased in RCC tissues and RCC cell lines 
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